In the actual situation, it is very difficult to evaluate the complicated sound environment only by using the lower order statistics of intensity such as Leq. In the actual acoustic measurement, a background noise always contaminates observation values and the statistics of the background noise are usually unknown. In this paper, the statistical independency between the acoustic signal and the background noise is introduced as an evaluation criterion to identify the sound insulation systems. That is, by considering the sound insulation wall as a linear system on an intensity scale, the system parameters are estimated on the basis of the statistical information from the lower to the higher orders, instead of employing the artificial evaluation criterion such as the least squares error method. Then, the output probability can be easily predicted by using the estimated parameters of the sound insulation system when the other input noise passes through the same insulation system. Finally, the validity and effectiveness of the proposed method are experimentally confirmed by applying it to the actually observed data.
INTRODUCTION
In general, it is often that the objective system is extremely complicated and/or unknown, owing to physical, social and psychological factors. It is very difficult to evaluate precisely the complicated sound environment only by using the lower order statistics of intensity such as Leq (Equivalent Noise Level).1) In the actual acoustic measurement, a background noise always contaminates observation values and the statistics of background noise are usually unknown.
Even in such a complicated situation, it often becomes necessary to identify the objective system or to predict the output response fluctuation in a form of the whole probability distribution instead of only It is generally known that sound insulation walls can be expressed by using the linear system on an intensity scale2) (e.g., on the basis of Statistical Energy Analysis Method3) in a frequency region) and the background noise additively contaminates the acoustic signal on an intensity scale (i.e., additive property of sound). The authors have proposed the identification and probabilistic prediction methods from various viewpoints based on the statistical information on input, output and/or background noise for the linear sound insulation system on an intensity scale.4,5) However, it is very hard to apply the previously reported methods to the actual case especially when the statistics of background noise are not given in advance.
On the other hand, in the noisy environment where an objective signal is contaminated by a background noise, it should be noticed that the source of the background noise is substantially different from that of the objective signal. This statistically means that the noise fluctuates independently of the objective signal.
In this paper, this statistical independency is introduced as an important evaluation criterion to identify the sound insulation systems. More concretely, the system parameters are estimated for the linear system on an intensity scale by considering the lower and higher order correlations between the objective signal and the noise. Then, the output response probability can be easily predicted on the basis of the estimated parameters of the sound insulation system when an arbitrary input noise passes through the same insulation system. This method is approximately matched to the prediction problem of output probability distribution, because the statistical independency is fundamentally based on the whole probability distribution form, differing from the artificial evaluation criterion such as the least squares error method.
Finally, the validity and effectiveness of the proposed method are experimentally confirmed by applying it to actually observed data, too.
SOUND INSULATION SYSTEM WITH UNKNOWN BACKGROUND NOISE
As shown in Fig. 1 , let us consider the actual situation when the sound intensities Xi(i=1,2) from the i-th sound source pass through a sound insulation system and their fluctuations are simultaneously obtained at the input and output observation points (i.e., O1, O0 in Fig. 1 ). The sound intensity fluctuations E1 and E2 at the input and output Here, we can only obtain the noisy observations both of the system parameters aii and the intensity fluctuations Xi's are unknown. The main purpose of this research is not to identify the system parameters themselves, but to evaluate the effect of input signal and background noise, separately. By considering the long sampling time interval (e.g., 1 s) in the actual sound measurement, the intensity fluctuations at input and output observation points for the sound insulation system can be easily formulated as: (1) One treats a11X1 as an input test signal and a12X2 as a background noise to be removed at the input observation point O1 from a viewpoint of acoustic measurement (e.g., sound transmission loss). On the contrary, one also treats a21X1 as an objective output signal and a22X2 as a background noise to be removed at the output observation point O0. So, let the effective input and noise intensity fluctuations be as x=a11X1 and v=a22X2, respectively, Eq. (1) can be directly rewritten as follows: (2) with c1=a12/a11 and c2=a21/a22. Thus, the input x and the background noise v can be expressed on the basis of input-output intensity observations E1 and E2 as follows: (3) 
Now, from Eqs. 
This method utilizes the correlation statistics from the lower to the higher order in a total image, while the previous method (e.g., Eqs. (5) or (9)) focuses on the individual information of mutual correlation with only a specific order.
Combined error evaluation method
Taking both a partial and synthetic evaluation methods into consideration, the parameters are estimated under a combined evaluation of two methods (i.e., solving the simultaneous equation).
PREDICTION METHOD OF OUTPUT RESPONSE PROBABILITY DISTRIBUTION
By use of the criterion of statistical independency, Fig. 2 The 
On the contrary, the response z removing the effect of input sound only with the background noise at the input side can be given in a similar way to Eq. (11) as: high. The experiment was carried out while the S/ N ratio was at least higher than 10 dB. The rock music from the loud speaker 1 (Sp. 1) and the road traffic noise from the loud speaker 2 (Sp. 2) have been used as sound sources of input and background noises, respectively. The composite sound data have been measured through the microphones 1 and 2 (Mic. 1 and 2) as noisy observations E1 and E2. We called this sound insulation system as IndoorOutdoor Sound Insulation System, because one observation point (Mic. 1) was in indoor and the other (Mic. 2) was in outdoor. In this experiment, since the background noise level radiated from Sp.2 has been very small at Mic. 1, the input and output observations can be approximately formulated by neglecting the effect of the background noise at the input observation point as follows:
In this case, the input ƒÔ and the background noise be expressed by using input-output intensity observations E1 and E2 as follows:
Here as that from the reception room to the transmission room, the input and output observations can be formulated by letting the unknown parameters c1 and c2 equal (c=c1=c2) as follows: predicted curve for the output probability distribution by using the estimated parameter on the basis of the partial error evaluation method and 50 input data. And the response of output background noise at the input side is also shown in Fig.6 (b) . From these results, it is found that the theoretical curves catch well the tendency of the experimental values. Figure 7 (a) shows a comparison of the experimentally sampled points and the theoretically predicted curve for the output probability distribution by using the estimated parameter on the basis of the synthetic error evaluation method and 50 input data. And the response of output background noise at the input side is also shown in Fig.7 (b) . From these results, obviously, there is a good agreement between the theoretical curves and the experimental values.
In this experiment, it is found that some valid information about the sound insulation system is still alive in these data and the proposed method can extract this valid information successfully regardless of using input-output observations with unknown background noises.
CONCLUDING REMARKS
In this paper, the statistical independency has been introduced as an evaluation criterion to identify the sound insulation systems. That is, the system parameters have been estimated for the linear system on an intensity scale by considering the lower and higher order correlations between objective signal and noise. Then, based on the estimated parameters of the sound insulation system, the output probability can be easily predicted when an arbitrary input noise passes through the same insulation system. Finally, the validity and effectiveness of the proposed method have been experimentally confirmed by applying it to the actually observed data, too. It is the first time to reflect the acoustic measurement and the noise evaluation into the theory although this method can be categorized into the blind separation. 6) Needless to say, since this research under the existence of unknown background noise is at an earlier stage of study for the system identification and probabilistic response prediction on the basis of the statistical independency, there remain many future problems to be solved such as; 1) to apply the proposed method to various kinds of data in many other actual fields, 2) to compare the proposed method with many kinds of system identification methods, 3) to find an appropriate way to determine the optimal order of series expansion in the proposed estimation algorithm, 4) to reflect the actual complexity of the sound environment (e.g., non-linearity, memory effect of the system etc.) into the theory, and so on.
